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ABSTRACT
As consumers are more and more preferring online experiences to brick-andmortar shopping, there is a growing need for new and creative marketing strategies that
can overcome the physical distance between consumer and product. In this paper, I
demonstrate how augmented reality can bridge that gap, allowing consumers to connect
with a product in a way that is not possible through traditional online media forms such
as images and video. To that end, this paper includes a detailed breakdown of the
conception and creation of Out of the Box, an augmented-reality application developed to
enable users to virtually interact with a ring by “trying on” a ring as well as by
customizing the appearance of a ring in real time.
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CHAPTER ONE
INTRODUCTION

Background
Often referred to as the “magic lens,” augmented reality is a unique form of
technology that blends the virtual with the physical by showing the user a view of their
own physical environment with virtual elements added in digitally in such a way that it
appears that the virtual elements are physically present in the user’s environment. AR
applications accomplish this by taking footage of a user's physical environment and
translating it into a digital map that defines both the environment itself and the camera's
position within the environment. This is often accomplished through simultaneous
localization and mapping, or SLAM (Jakl, 2018).
The processes behind SLAM involve a lot of math that must be done very quickly
to keep up with real-time movement of the user. As the app receives camera footage, it
first analyzes each frame, looking for distinctive areas called keypoints that are most
likely to be able to be found again in other frames. As more frames are analyzed, the app
matches keypoints from one frame to another, tracking the differences in positions of the
keypoints relative to the movement of the camera. These measurements are used to
calculate the spatial relationships between the camera and the keypoints as well as the
spatial relationships between the different keypoints. Using this information, the app can
then construct a virtual 3D space that matches the user's environment by translating
keypoints into virtual "landmarks" that define locations in 3D space (Jakl, 2018).
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Once the user’s environment has been mapped and translated into a virtual 3D
space, the virtual content can be placed into the virtual space, overlaying a view of the
user’s environment. Movement of the physical camera corresponds accordingly with
matching changes in perspective of the virtual content, creating the illusion that the
virtual content exists within the user's physical environment (Jakl, 2018).
This intricate and clever technological strategy has led to AR developing a rich
history in many different areas, bringing high levels of value to fields like education,
industry, real estate, and even the military. A comprehensive look at the various uses of
AR reveals several themes about its capabilities.
One of the qualities of AR that has led to its widespread success is the unique way
that AR is able to increase the meaningfulness of virtual experiences for a user by
facilitating imagination. That is, AR has been shown to help a user more effectively place
themselves into the virtual world being presented to them, which research shows is
essential for a virtual experience to be successful (Shin, 2019).
Laato et al. studied this principle in the popular AR game Pokémon GO. They
found that while the pre-existing attachment to the creatures in the game did increase
meaningfulness for the players, it was actually imagination rather than nostalgia that had
the most impact on the meaningfulness of the experience (Laato et al., 2021). Augmented
reality plays a major role in this, allowing the players to easily maintain an imaginative
state in which they can pretend that the creatures in their own world to such a degree that
the experience is processed cognitively as real rather than virtual. This leads to the user
feeling as if their participation and decision-making within the context of the game are
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more important, and that directly translates to a more meaningful experience for the user
(Laato et al., 2021).
In addition to increasing meaningfulness by facilitating imagination, AR also
brings value to virtual experiences by enabling a deeper level of understanding and
learning by the user. This has been notably valuable in museums, and Ghouaiel et al.
found that museum visitors particularly enjoyed the use of AR to present 3D models
relating to art that allows them to view all sides of a piece. (Ghouaiel et al., 2017). This
allows the museum visitor to get an up-close and personal look at the details of a piece
that they would not be able to get otherwise.
While AR has been shown to be indisputably valuable in many contexts, it’s
important to point out that there are certain challenges that AR applications must
overcome in order to be successful (Akçayır & Akçayir, 2016). In their research on the
use of AR in educational settings, Akçayır and Akçayir demonstrate that the main
challenge faced regarding the use of AR in education was the learning curve required for
AR to be usable by the students. This varies dramatically depending on the application
being used, and Akçayır and Akçayir stress that intuitive and well-designed interfaces are
crucial for AR to reach its full potential in the classroom setting (Akçayır & Akçayir,
2016). This supports the clear theme that can be seen across the literature on AR: in order
for it to be successful, it must be intuitive and easy to use.
Augmented reality also has the ability to assist with decision-making, something
that has proven useful in both mundane day-to-day tasks and in high-stakes contexts.
Farshid et al. demonstrate the value of this ability for shoppers, explaining how AR
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glasses could help shoppers locate items on a shopping list, make recommendations for
complementary products, suggest items that meet dietary restrictions, etc. (Farshid et al.,
2018).

App Development
Marketing, like all forms of art, is about finding the best strategy to accomplish a
certain goal. Often in marketing, that goal is to persuade a certain target consumer to
convert in some way. This can be as simple as convincing a shopper to purchase a
specific product, but it can also be more nuanced.
Nate Newsome and Haley Appleby had been working with the Clemson football
recruitment team to develop a new recruitment tool. They needed an effective strategy to
persuade a prospective recruit to convert by choosing to play for Clemson. It was a
marketing problem, and our solution was Out of the Box, an augmented reality
application that would enable a prospective recruit to use AR to virtually “try-on” a
Clemson championship ring. Through this experience, AR would facilitate the recruit’s
imagination, allowing the recruit to imagine the ring in his world to a greater degree than
would be possible with traditional media formats. This would increase the
meaningfulness of the experience for the recruit. AR would also enable the recruit to
view the ring from all sides and at custom angles, providing them with more detailed
information on the ring and making it seem more real as a result.
I created the target-tracking app using Spark AR, and it was centered around a
detailed 3D model of the Clemson NCAA ring. A Clemson-branded tracker image was
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the physical counterpart to the virtual ring, and it got printed on a paper ring that when
worn enables the app user to view themselves virtually wearing the NCAA ring.

Figure 1.01: AR view in Out of the Box showing virtual try-on of Clemson NCAA ring

After completing these goals, the test for this project was an official pitch to
Clemson’s football recruitment team to make sure that all of the aspects of the production
met their marketing needs. During the pitch, I gave a detailed presentation of Out of the
Box, explaining my goals and process. I then gave a demonstration of the app so the
recruitment team could see it in action.
The response was overwhelmingly positive. They could immediately feel the
impact that AR afforded, taking the already-meaningful object of the ring and magnifying
that meaningfulness by enabling the app user to really bring the virtual object into their
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reality through the use of AR. They saw a lot of value in the app and believed it was
something worth continuing to pursue.
With the success of the pitch meeting, we had reached the finish line of our
original plan. However, we decided that we weren’t going to stop there. We saw the
value and potential in Out of the Box, and we wanted to see how much further we could
take it and how we could add value in other creative ways. A consumer shopping inside a
brick-and-mortar jewelry store benefits from being able to try on an item of interest, but
they also benefit from being able to get a close look at all of the details of the item. They
can hold it right up close to their face and look closely, turn it every which way, examine
every angle, and feel they have a complete understanding of the item before purchasing.
Our first exploration had been focused on enabling that first benefit in a longdistance setting, so we decided to focus the second exploration on the second benefit,
enabling the user to examine a ring and gain a deeper understanding of it. To that end, I
developed a second AR app that displays a Clemson class ring to the user in AR using
plane-tracking technology and constantly rotating as if on a turntable for display. Within
the app, the user can customize the appearance of the ring and view it from every
possible angle within their own space, getting a complete understanding of the item
without ever seeing it in person.
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Figure 1.02: Customizable class ring as seen in AR

With these two functionalities, Out of the Box overcomes two major obstacles
facing online marketers today. It enables users to have a personal experience with a ring
by trying it on and developing a personal connection to it, and it also enables users to get
a close look at every detail of a ring a customize it to their desires. In this way, AR
bridges the long-distance gap between consumer and product when it comes to online
shopping.

Takeaway
Out of the Box demonstrates just two examples of the many exciting opportunities
for AR to bring value to the world of marketing. A physical ring has to come out of its
box before it can be tried on or examined, and a virtual ring has to come out of the box of
the screen before it can be fully appreciated and understood. In order to accomplish that,
3D artists must think outside the box as well. Skills like 3D modeling, node-based
coding, and surfacing that are essential to making augmented reality apps successful are
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important not only in the world of entertainment but also the world of marketing. This
thesis makes that clear with a detailed breakdown of the production process of Out of the
Box and its results as well as with a presentation of research into the history of augmented
reality, which reveals several themes about the importance of AR and its future potential
as a creative solution to modern marketing problems.
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CHAPTER TWO
HISTORY OF AUGMENTED REALITY

Introduction to Related Works
Augmented reality is a powerful tool that has been successfully implemented
across a wide variety of platforms. Whether for entertainment or education,
manufacturing or military, augmented reality has shown that it can bring value in unique
ways to virtually any industry.
Shi et al. studied the use of AR in the jewelry industry in their paper titled “An
Innovative Marketing Strategy – Adopting AR & VR in Jewelry Sales.” They explain
that consumers are more and more preferring online shopping to in-person shopping, but
they found that it was much more difficult to sell a shopper on a piece of jewelry online
compared to in person (Shi et al., 2020). Shi et al. explain how AR has helped bridge that
gap by allowing consumers to virtually try on various jewelry items from the comfort of
their own homes.
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Figure 2.01: “Customer virtually tries on the jewelry of the diamond brand,
Forevermark,” Shi et al., 2020

Shi et al. found that purchase rates increased when the purchases were made
through AR compared to traditional online shopping. AR also allowed jewelry shoppers
to get a more thorough and accurate understanding of the item before purchasing, which
led to higher levels of confidence in their purchases as well as higher retention rates. Shi
et al. conclude that AR can help the jewelry industry acquire ways to cater to mass
market sales trends amid new business challenges (Shi et al., 2020)
Another area where AR has shown unique value is education. In his paper titled
“Augmented Reality in Education and Training,” Lee studies how AR has been applied to
education and training and examines the future opportunities for AR to make a difference
in the world of education, both in the context of the classroom and in professional
settings, through a comprehensive literature review. Lee explained how game-based
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learning using AR has been shown increase student’s satisfaction with their learning
experience, especially in those who have historically struggled academically with
traditional teaching strategies (Lee, 2012). The main problem with getting AR
implemented in classrooms more widely is the cost of it. Little financial support has been
provided by the government, possibly due to a lack of awareness of the ways AR could
uniquely meet academic needs (Lee, 2012). Businesses, on the other hand, have been
more successful in maintaining the costs of AR applications, which has allowed AR to
benefit fields like manufacturing and industry to assist in training (Lee, 2012). However,
Lee maintains that much optimism remains for the future of AR in education, stating,
“New technologies and information communications are not only powerful and compact
enough to deliver AR experiences via personal computers and mobile devices but also
well developed and sophisticated to combine real world with augmented information in
interactively seamless ways” (Lee, 2012).
While AR has shown value in many fields, perhaps the best-known use of it is in
the entertainment industry. Laato et al. studied why AR leads to a greater connection to
the experience in their paper titled “Why Playing Augmented Reality Games Feels
Meaningful to Players – The Roles of Imagination and Social Experience.” Laato et al.
looked specifically at the popular AR game Pokémon GO and examined how feelings of
nostalgia and imagination affect a player’s feelings of affection toward the game.
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Figure 2.02: Example of Pokémon GO gameplay

Laato et al. postulated that nostalgia, meaning the players’ pre-existing attachment
to the creatures in the game, would be the primary factor that would lead to a more
meaningful experience. However, what they ended up finding was that it was actually
imagination that was the greatest predictor of meaningfulness. The more the player was
able to maintain a state of imagination and pretend the virtual experience was real, the
more meaningful the experience was for them (Laato et al., 2021).
After a comprehensive look at all of these uses of AR, several themes start to
emerge about the importance of AR and future opportunities for it. First, we see that AR
facilitates imagination, which increases the meaningfulness of the virtual experience for
the consumer. Second, we see that AR allows for a deeper level of understanding
compared to more traditional virtual platforms. Third, we see that in order for an AR
application to be successful, it must be intuitive and easy to use. And finally, we see how
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AR can uniquely assist with decision-making so that the process is faster, easier, and
leads to better outcomes.

AR Facilitates Imagination, Which Increases Meaningfulness
Discussions around virtual experiences, especially when it comes to AR and VR,
often center around the idea of immersion. In her book Hamlet on the Holodeck: The
Future of Narrative in Cyberspace, Murray explains, “A stirring narrative in any medium
can be experienced as a virtual reality because our brains are programmed to tune into
stories with an intensity that can obliterate the world around us.” (Murray, 1997). Murray
goes on to define this phenomenon as immersion, describing it as a “participatory
activity,” and elaborating on it as “the experience of being transported to an elaborately
simulated place,” (Murray, 1997).
McMahan further breaks down the concept of immersion in her paper titled
“Immersion, Engagement, and Presence: A Method for Analyzing 3D Video Games.”
McMahan draws a distinction between diegetic and nondiegetic immersion in the context
of video games. To distinguish between these two experiences, McMahan proposes
restricting the term immersion to refer to getting caught up at the diegetic level, and she
proposes the term engagement to refer to what has traditionally been called immersion at
the nondiegetic level. By her definition, a player with a deep level of immersion would be
thoroughly engrossed in the story of the game and the actions they take to contribute to
the story, whereas a player with a deep level of engagement would be caught up in
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earning points, devising clever strategies, and demonstrating their skills to other players
(McMahan, 2003).
McMahan then explains that both immersion and engagement are aspects of the
overall degree of presence that is possible in a game. The idea of presence is one that has
been studied at length in the context of virtual experiences. In his paper titled “Defining
Virtual Reality: Dimensions Determining Telepresence,” Steuer defines presence as a
person’s perception of an experience beyond the limits of just the five senses (Steuer,
1992). McMahan expands on this principle in the context of video games, explaining that
the greater the degree of presence a player experiences, the more the virtual experience
will seem to be unmediated to the player (McMahan, 2003).
Shin highlights the importance of this quality in his paper titled “How Does
Immersion work in Augmented Reality Games.” Shin found that in order for a virtual
experience to be successful, the user must be able to place themselves into the virtual
world being presented to them. That is, the greater the degree of presence that is possible
within a virtual experience, the more likely it is that the experience will be successful.
Laato et al. studied similar principles as they relate to the well-known AR game
Pokémon GO in their paper “Why Playing Augmented Reality Games Feels Meaningful
to Players,” specifically looking at the roles of imagination and nostalgia and how they
influence the meaningfulness of a player’s virtual experience. In this context, nostalgia
refers to the pre-existing attachment many players have to the content of the game. The
first game in the Pokémon franchise was released in 1996, a full 20 years before
Pokémon GO hit the market in 2016, which means that many players of Pokémon GO
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would have had extensive experience with the creatures in the game before Pokémon GO
was even released. Laato et al. postulated that as a result of this, the majority of players
would experience nostalgia in the form of having a pre-existing attachment to the
creatures in the game. Laato et al. expected to find that nostalgia would be the greatest
predictor of how meaningful the experience was for the player (Laato et al., 2021).
Surprisingly, their hypothesis was ultimately not supported by their research.
While nostalgia certainly was one factor that contributed to the meaningfulness of the
experience, it was actually a different factor that they label imagination that proved to be
the biggest predictor of meaningfulness for the player. In support of Murray’s description
of immersion as a “participatory activity” (Murray, 1997), Laato et al. use the term
imagination to define that participation, explaining, “Using imagination while playing
implies cognitive involvement,” and, “…for AR games to feel meaningful, players need
to imagine and act as if the fictional game world was real” (Laato et al., 2021). They
found that more that players are able to maintain this imaginative state, the more they
cognitively process the experience as being real (Laato et al., 2021), which translates to
the player experiencing deeper levels of presence in the virtual experience.
AR facilitates this process by making it much easier for the player to maintain a
state of imagination. AR directly presents a merging of the virtual and real to the player,
seamlessly bridging that gap and reducing the appearance of mediation, which translates
into a deeper degree of presence. This in turn leads to the user feeling that their decisions
within the game and the consequences that are brought about as a result are more
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important, which Laato et al. explain translates into a more meaningful experience for the
player (Laato et al., 2021).
Similar ideas have been applied to many other categories outside the world of
entertainment as well. For example, in their paper “An Innovative Marketing Strategy,”
Shi et al. studied the ways in which AR and VR are used to enhance consumers’
experience with jewelry shopping. Shi et al. found that while consumers prefer shopping
online to in person, it is hard to sell a consumer on jewelry when it has not been seen in
person (Shi et al., 2020). They explain, “The biggest obstacle encountered at electronic
jewelry stores is that products cannot be tried on, and it’s usually difficult for customers
to visualize two-dimensional objects” (Shi et al., 2020). To bring this back to the
established terminology, online jewelry shoppers have a hard time maintaining a state of
imagination because traditional 2D assets are not sufficient to enable the shopper to
pretend that the experience is real rather than virtual. This leads to them feeling less
confident in their purchases due to not being able to bridge the gap between the virtual
and the real. Shi et al. found that augmented reality helps solve that problem by
combining the best aspects of online and in-person shopping to provide the consumer
with a unique shopping experience (Shi et al., 2020). The shopper benefits from being in
the comfort of their own home without the pressure of a salesperson over their shoulder,
and they also benefit from being able to virtually try things on. This greatly facilitates the
state of imagination, allowing the user to feel as if they are interacting with the real
product and consequently develop a deeper connection to it. Because of this, AR has been
shown to increase purchase rates of jewelry online (Shi et al., 2020).
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These same principles apply to the use of AR to enhance in-person experiences.
In “A Digital Look at Physical Museum Exhibits,” Keil et al. studied the use of AR in
museums and found that AR was able to bring static objects to life, drawing the visitor
into the story of the objects (Keil et al., 2013) . Here AR does all the heavy lifting when it
comes to imagination by “superimposing information directly over the point of interest”
(Keil et al., 2013), pulling the consumer into the world easily with this “explorative and
experience-driven” approach. This in turn increases the meaningfulness of the experience
to the consumer. In fact, Keil et al. report that after viewing exhibits enhanced with AR,
museum visitors were more likely to want to continue learning more about the exhibits
they experienced (Keil et al., 2013).
In the context of education, Akçayır and Akcayir presented a systematic review of
literature on the use of AR in educational settings in their paper “Advantages and
Challenges Associated with Augmented Reality for Education.” Akçayır and Akcayir
found that students in the K-12 age range enjoyed the learning process more when AR
was used in the classroom and also had a greater sense of satisfaction overall with the
learning process (Akçayır and Akcayir, 2017). In addition to this, Lee explains in his
literature review “Augmented Reality in Education and Training” that readers, especially
those who are still quite young, can benefit from AR’s ability to superimpose virtual
objects over the pages to create a more interactive reading experience (Lee, 2012).
In a specific test of these principles, López-Faican and Jaen developed an AR
game called EmoFindAR that was focused on education and early childhood development
(López-Faican and Jaen, 2020). Their app had two game modes: collaborative and
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competitive. The results of their research demonstrated that their game not only helped
children learn to identify emotions and improve their communication and spatial skills,
but they also expressed an interest in continuing to play the game both in academic and
home settings (López-Faican and Jaen, 2020). They explain the important role that AR
played in this, explaining that “having an augmented space increased their motivation,
and both game styles instantly captured their attention” (López-Faican and Jaen, 2020).
This shows how AR can be a very valuable tool to increase meaningfulness among young
students regarding their learning process.
In my work developing Out of the Box , I chose augmented reality because of its
unique ability to facilitate imagination. Trying on a ring is already a personal experience,
and using augmented reality takes that to another level. Being able to virtually try on the
ring places the ring in the same world as the user more effectively than traditional online
shopping does. This enables the user to maintain an imaginative state as they interact
with the virtual ring, which in turn increases the meaningfulness of the experience. That
is, users will feel more connected to the ring after being able to virtually try it on, which
increases the odds that they will actually make a purchase, and it will also increase their
overall satisfaction levels with the purchasing process.

AR Allows for Deeper Levels of Learning and Understanding
In addition to meaningfulness, another element that is increased through the use
of AR is depth of understanding. This is done both by using AR in place of traditional
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virtual options such as pictures and video, as well as by enhancing in-person experiences
with text, overlays, or other elements presented through AR.
Ghouaiel et al. describes the benefits of such strategies used in museums in their
paper “Mobile Augmented Reality in Museums.” They found that museum visitors
particularly enjoyed the use of AR to present 3D models relating to art that allows them
to view all sides of a piece (Ghouaiel et al., 2017). This allows the museum visitor to get
an up-close and personal look at the details of a piece that they would not be able to get
otherwise.
Ganapathy applied this same logic to the real estate industry in his paper “Virtual
Reality and Augmented Reality Driven Real Estate World to Buy Properties,” finding
that prospective property buyers had much more confidence in their purchasing decisions
when they could view a property of interest in AR (Ganapathy, 2016). The more intricate
a property is, the greater benefit AR provides. This especially proved valuable to people
who were not local and could not visit the property in person, or for people who were
interested in seeing multiple properties but did not have the time or budget to visit each
place.
In similar research, Felli et al. examined the use of AR during the construction
phase of homes in their paper “Implementation of 360 Videos and Mobile Laser
Measurement Technologies for Immersive Visualization of Real Estate and Properties.”
Felli et al. found that this unique use of AR allows prospective buyers an intimate look at
phases of the process that would normally not be safe to see, giving them a deeper
understanding of the property than would ever be possible without AR (Felli, 2018).
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When it comes to more traditional classroom learning, Akçayır and Akçayır found
that the use of AR in the educational environment for the K-12 age range benefited
students in a practical sense with a greater level of material understanding and retention
(Akçayır and Akçayır, 2016). Lee’s research supports this, showing that this was
particularly true among those students who were historically less academically successful
with traditional teaching strategies.
AR’s ability to increase depth of understanding is another reason why I chose to
develop Out of the Box as an augmented reality application. Pieces of jewelry often
contain many intricate details, and rings are no exception. Augmented reality allows the
user to view the ring of interest from all angles, giving them a greater understanding of
the ring than would be possible through images alone. This makes it more likely that a
user will be satisfied with their purchase once they receive the ring because they are less
likely to have inaccurate expectations after viewing the ring in AR.

AR Must be Easy to Use in Order to be Successful
In their research on the use of AR in educational settings, Akçayır and Akçayır
point out that not all AR applications had the same level of success in the classroom.
They demonstrate that the main challenge faced regarding the use of AR in education was
the learning curve required for AR to be usable by the students (Akçayır and Akçayır,
2016). This varies dramatically depending on the application being used, and Akçayır and
Akçayır stress that intuitive and well-designed interfaces are crucial for AR to reach its
full potential in the classroom setting.
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Akçayır and Akçayır’s conclusions are mirrored in other papers as well. Sorko et
al. highlight the importance of an intuitive interface in their research into the success of
AR in industry in their paper “Implementing AR/MR – Learning Factories as Protected
Learning Space to Rise the Acceptance for Mixed and Augmented Reality Devices in
Production.” They found that a key factor that affected employees’ willingness to
embrace the use of AR in the workplace was the user-friendliness of the application.
They explain, “The fear of losing face in front of colleagues or superiors is not to be
underestimated” (Sorko et al., 2020).
The intuition factor is not only important when it comes to the desire to save face.
It can also be crucial for success in high-stakes contexts where there may not be much
time to invest into learning a new AR application. Reiner et al. draw attention to this
issue in their research into the use of AR in the military. In their paper “Comparing an
Augmented Reality Navigation Display to an Electronic Map for Military
Reconnaissance,” they studied soldiers’ ability to complete tasks using a traditional 2D
north-up map compared to an AR map, and they found that the results with the north-up
map were better across almost all categories (Reiner et al., 2021). Reiner et al. point out
that because the difference in performance among soldiers using the two methods were
relatively minor, it may indicate that the AR map could potentially yield better results if
the soldiers had more time to get used to them (Reiner et al., 2021). With that said, there
will not always be a lot of time to invest into learning new tools like that in the military,
so in order for something like that to be truly successful, it will likely need to show an
immediate improvement over current tools without the need for extensive training.
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Even outside the context of high-stakes environments, ease-of-use continues to be
a major driving force behind people’s interest in using it. One of the most common uses
of AR in today’s world is in social media, particularly in the form of AR filters that can
be used on platforms like Snapchat and Instagram. In their paper “What Lies Behind the
Filter?,” Javornik et al. discovered that the primary motivational driver behind
adolescents using social media face filters is the desire to pass time. Ibáñez Sánchez et al.
define this as, “Passing time refers to the perception that using a tool that does not
demand cognitive resources helps to occupy time and/or alleviate boredom” (Ibáñez
Sánchez et al., 2022). Ibáñez Sánchez et al. go on to report that while historical studies on
AR indicated that user’s reported higher levels of satisfaction when the apps were easy to
use, modern studies do not show users reporting increased satisfaction following ease-ofuse. This is because they view ease-of-use as such as essential feature that it is not
something that makes the experience better. It is something that simply must be present
in order for the app to be accepted at all (Ibáñez Sánchez et al., 2022).
Perez backs this idea up in his article titled “Designing Intuitive UI/UX for AR,”
explaining, “…the penalties for poor design choices in AR are arguably higher than in
other mediums. Unless the user is provided with an attractive incentive to scan and
engage with the experience, a UI that’s unintuitive will ultimately end in AR project
disaster and user frustration” (Perez, 2019). Perez also points how this risk is even greater
when it comes to free AR experiences. He states, “…with a free AR experience, if you
don’t make it easy to use, users will walk” (Perez, 2019).
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Perez goes on to provide many helpful guidelines on creating an intuitive AR
interface. He highlights the importance of guiding the user through the experience, giving
instructions and prompts when the user is expected to do something (Perez, 2019). If a
user needs to tap to place something, it is best to include a message instructing them to
tap. If they need to have their phone oriented a certain way, there should be an icon or
message that makes that clear. Perez also points out the value in using animation to entice
the user to engage. On-screen buttons are very common and easy to pick up on, but
adding some sparkles or similar effects has an emotional effect on the user, rewarding
them for engaging with the app (Perez, 2019). Perez also highlights the intuitiveness of
buttons, especially because buttons are already implemented successfully across popular
AR platforms like social media face filters, so many people will already know how to use
them. He suggests placing them into the virtual space rather than having them frozen on
screen “in front” of the AR view, so the user can directly touch to interact with the
objects that appear to be in their space (Perez, 2019). Because buttons are so intuitive,
they can be leveraged in this way to deepen the user’s sense of presence through this
strategy.
I designed the interface of Out of the Box with these principles in mind,
implementing some of these ideas to improve the user-friendliness of the app. I designed
the control buttons to be similar to some of the most popular AR controls in use right
now: those in face filters used for social media. With that design, users can quickly and
easily pick up on how to use the app to customize the ring. The app also includes onscreen prompts that instruct the user to tap to place the ring on a surface, as well as a
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prompt to flip the camera around if the user has it incorrectly set to front-facing. I also
turned the ring itself into a button of sorts, allowing the user to directly interact with the
AR element to modify it. In this way, ease-of-use prevents users from abandoning the app
immediately and also draws them deeper into the experience. Future work on Out of the
Box could implement even more of Perez’s suggestions, such as prompting the user to tap
the ring and adding sparkle to the buttons to entice the user to engage. This would further
improve the user-friendliness and therefore the projected success of the app.

AR Can Help with Faster, Easier, and Better Decision-Making
Augmented reality also has the ability to assist with decision-making, something
that has proven useful in both mundane day-to-day tasks and in high-stakes contexts. For
example, Farshid et al. explain in their paper “Go Boldly! Explore Augmented Reality,
Virtual Reality, and Mixed Reality for Business” how shoppers could use AR glasses in a
grocery store, allowing AR to help them locate items on a shopping list, make
recommendations for complementary products, suggest items that meet dietary
restrictions, etc. (Farshid et al., 2018).
Farshid et al. also explain how AR can be used for tourism. They suggest that
GPS mobile apps could be used to lead visitors through suggested routes and
destinations, providing additional information along the way which assists users in
deciding which destination they would like to visit next (Farshid et al., 2018).
In the context of the work environment, Plakas et al. study the use of AR in
industry in their paper “Augmented Reality in Manufacturing and Logistics.” They
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explain, “To reduce errors in the collection of goods and time of decision-making
throughout the order picking process, it is necessary to simplify the tasks carried out by
workers” (Plakas et al., 2020). They go on to elaborate, “AR can provide functional
solutions to the order picking problems and support the process when new problems are
created during the picker’s route, providing the possibility of an interactive work with
fewer errors” (Plakas et al., 2020).
AR has also been shown to be valuable with decision-making in high-stakes
contexts. In their paper “Transforming Government by Leveraging Disruptive
Technologies,” Wimmer et al. explain how AR can be used to help aid public employees
in emergency situations. They describe the model of AR glasses which send the wearer’s
location to emergency services, who can then determine the best course for the wearer
and send information back to the glasses to guide the wearer through the situation
(Wimmer et al., 2020). Wimmer et al. suggest this use for both military and business
purposes.
While Out of the Box does not involve any high-stakes decision-making, it does
require the user to make decisions regarding the appearance of the ring. One suggestion
for further development of Out of the Box would be to have a suggested ring design be
automatically generated based on a user’s student profile upon first starting up the app.
For example, the suggested ring design could have the student’s graduation year
inscribed on the band, and the color of the stone could be based on the color of their
birthstone, which can be extrapolated from their birth date.
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CHAPTER THREE
APP DEVELOPMENT

The Concept
The original idea behind Out of the Box was to create an AR application to be
used for recruiting that would enable prospective recruits to virtually try on a Clemson
championship ring.
To an aspiring football pro, a championship ring is much more than just a piece of
jewelry. It’s a symbol of strength, resilience, and success. Just how Laato et al. found that
players of the game Pokémon GO were more inclined to find meaning in the game based
on their pre-existing attachment to the creatures, users of Out of the Box are more likely
to find meaning in using the app based on their pre-existing attachment to the
championship ring. Also, just how Laato et al. found that imagination was a greater
predictor than nostalgia for an increase in meaningfulness for the user, imagination can
be a greater predictor for meaningfulness in Out of the Box even than the attachment to
the ring itself. In both cases, the key is augmented reality.
Nate and Haley had some experience working on similar projects in the past for
Clemson’s football recruitment team, so we discussed their previous approaches and how
it could be adjusted to fit our current goals. We came up with a game plan that consisted
of three phases:
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Phase 1: Prepare a 3D model for the Clemson NCAA championship ring. This
would be the basis of the visuals within the AR application.
Phase 2: Prepare a paper ring with Clemson-branded imagery to be used as a
target tracker in the AR app.
Phase 3: Use Spark AR to create a target tracking app that maps the 3D model of
the ring to the 2D imagery on the paper ring.

Once these steps were complete, the recruitment process would be very
straightforward. Clemson’s recruitment team would mail the standard materials along
with the paper ring to a prospective recruit. The recruit would don the ring and scan a QR
code, which would take them to the AR app to virtually replace the paper ring with the
actual ring. They could then take pictures, share them on social media, etc.
The plan was simple enough on paper, but there was a critical element that
couldn’t exactly be measured. It wasn’t enough for prospective recruits to simply find the
app interesting or fun. The real goal was to elicit an emotional response. They needed to
see that ring on their finger and feel the sweat running down their face, smell the grass
staining their uniform, hear the roar of cheering fans filling the stands. They needed to
see that ring and get a glimpse of what it would be like to be a national champion. It
needed to be so much more than just interesting or novel. It needed to be irresistible.
Augmented reality was our avenue to turn that goal into a reality.
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Initial Photography
In order to manufacture the level of impact we were looking for in this app, we
needed the ring itself to look realistic. It had to shimmer and sparkle and look beautiful,
but it couldn’t be so glamorized that it didn’t feel real in AR. To accomplish this goal, I
chose to base the 3D model off of photographs of the ring in question, which Nate was
able to provide.

Figure 3.01: Clemson NCAA ring, top
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Figure 3.02: Clemson NCAA ring, left

Figure 3.03: Clemson NCAA ring, right
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Phase 1: Preparing the 3D Model
I started the modeling process with the diamond-like gems that feature
prominently in the ring. These gems contribute significantly to the glamorous look of the
ring, which meant that it was vital that they look excellent in the finished product.
Because of this, I did a special investigation with Eric into developing realistic diamonds
that render well in real time applications.
Real diamonds look the way they do largely in part due to very carefully honed
measurements made when cutting them (Naturski, 2017). In order to make the 3D models
look accurate, I approached the modeling process from a technical perspective.
The gems appeared to be cut in a classic round cut, a common cut used for
commercial diamonds. In fact, according to Vandenborre, round cut diamonds dominate
the market, making up 75% of diamond sales and fetching the highest prices
(Vandenborre, 2021).

Figure 3.04: Round cut diamond shape, Vandenborre, 2021
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According to Naturski, there are several key measurements that determine the
quality of a round cut diamond. When done properly, this is called the Tolkowsky Ideal
Cut (Naturski, 2017).

Figure 3.05: “The Tolkowsky Ideal Cut,” Naturski, 2017

Using the Tolkowsky specifications as a guide, I used trigonometry to extrapolate
all of the remaining angles and measurements of the diamond so that I could use those
numbers to create an image of a diamond silhouette with correct proportions.
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Figure 3.06: Diamond silhouette image with trigonometric analysis and measurements

After finalizing diamond silhouette image, I imported it onto the image planes
into Maya to use as a basis for 3D model of the diamond. I then created a 3D model of a
round cut diamond with accurate proportions using Maya. I then unwrapped the model’s
UVs in Maya.

Figure 3.07: Final 3D model of diamond with unwrapped UVs
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With the diamond model prepared, I moved on to surfacing. I started in Unreal
Engine 4, hoping that their raytracing capabilities could combine well with an accurate
diamond model to produce realistic diamond renders. I developed a diamond material in
UE4 with specifications such as index of refraction based on real diamonds.
However, this did not result in the sparkling diamond I was hoping for. With the
current limitations of raytracing in UE4, relatively few rays over a large area are used to
approximate active lighting. Since a diamond’s sparkle relies on a lot of light entering the
diamond, bouncing around, and then exiting the diamond again, the sparkle was not
achievable in UE4 using technically accurate material parameters.

Figure 3.08: Attempt at developing a diamond material in UE4

I decided to switch to Maya to create a material that utilized some of the correct
parameters of real diamonds but took advantage of digital tools to compensate for
rendering limitations. I started with an aiStandardSurface material and filled in technical
parameters such as index of refraction and dispersion abbe that correspond with real
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diamonds. I also enabled internal reflections and caustics for the same reason. To
compensate for the lack of sufficient bounced light inside the diamond, I added a small
amount of emission, which gave the diamond that appearance of shining. The finished
diamond material in Maya yielded renders that were much closer to a realistic diamond
material than the UE4 test.

Figure 3.09: Test render of diamond material in Maya

With the diamond finished, I moved on to modeling the paw on the top of the ring
along with the trophies behind it, and then finally the circle border that completed the top
part of the ring. The design of the app meant that this portion of the ring would be the
part most prominently seen by prospective recruits, which meant we had to rely on it the
most to have an impact on users of the app. I kept this in mind during the modeling
process and made sure that each element looked right from the angles it would be viewed
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from in the app. To get a feel for what the finished product might look like, I added some
preliminary textures in Maya and did a test render.

Figure 3.10: Test render of progress on NCAA ring model compared to photograph

I then created the basic shape for the rest of the ring and added the lettering and
gem details that border the top. Our goals for the app did not require the sides of the ring
to be seen, so I did not need to model those details. With that, I wrapped up the modeling
portion of this project.
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Figure 3.11: Test render of final NCAA ring model compared to photograph

Phase 2: Preparing the Paper Ring with the Tracker Image
With the ring model complete, the next step was to create a design for the paper
ring that would be mailed to prospective recruits. Creating a good design required both
marketing and technical factors to be considered. Spark AR provides a guide on their
website for best practices when designing a target tracking image, which I combined with
general design and branding principles. According to their documentation, target tracking
images should be high contrast and high resolution with asymmetrical, complex patterns
(Spark AR). To comply with these requirements, Nate recommended that I use the
Clemson paw as a basis for the design, as it fit the criteria and was available in high
resolution. From there, I had to make sure that the design of the paper ring fit into the
story we were telling from a marketing perspective. This would be the last thing recruits
would see before that climactic moment of seeing the championship ring on their finger,
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so I wanted the design of the paper ring to be a little edgy and feed into that moment of
suspense.
Disney’s shape language guidelines assign triangles the roles of “dynamic” and
“unpredictable,” (Walt Disney) which fit the needs of the paper ring perfectly. I kept the
background design relatively simple with a repeated triangle motif so it would add points
of contrast for the tracker app to utilize without distracting from the central paw, and I
gave it all a simple but vibrant orange and black color palette.

Figure 3.12: Image design for paper ring

With the basic design for the paper ring complete, I printed it out so it would be
ready to test with a tracker app in Spark AR. In the digital file, there were plenty of points
of contrast for Spark AR to use, but printing the image on a small paper ring would cause
a reduction in resolution. After getting a printout that roughly fit the size that we wanted
the final product to be, I moved on to developing the app itself.

37

Figure 3.13: Wearing the paper ring with the tracking image

Phase 3: Designing the AR App in Spark AR
Spark AR has several templates available, including Plane Tracking, Face
Tracking, Target Tacking, and others. Their templates provide starter code for an app
based on what the user’s goal is. For my project, I chose Spark AR’s Target Tracking
template as a starting point.

Figure 3.14: Some of Spark AR’s template options
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After importing the ring model, I discovered that while Spark does allow you to
import materials created in other platforms, it doesn’t directly use those materials. Rather,
it interprets those materials to create an approximation of them using their built-in
material options. Because of this, I had to modify the materials inside Spark AR because
parameters like index of refraction and dispersion abbe are not currently supported. To
accomplish realistic-looking materials, I chose to use physically-based shaders because it
gave the best results with reflective materials, which were prominent in the ring.
After defining the initial attributes for each material (such as the base color and
metalness), I added an environment texture to each material. The environment determines
the final lighting of the model. I needed the experience to feel real for the user, which
meant that if they rotated the ring, reflections should flash across the surface. Ideally, the
lighting of the ring would fit in with the actual lighting of the user’s surroundings at the
time they used the app, but of course there is no way to predict what the actual lighting
will be for each recruit who tests the app. Because of that, I needed the environment for
the materials to perfectly walk the line of bright but balanced. It couldn’t look dim if the
user was in direct sunlight, and it couldn’t look glaringly bright under interior
incandescent lights.
I ended up choosing the “Office” option from Spark AR’s environment library.
The color for the lighting in the “Office” environment is white, which left the base colors
of the materials unaffected, and it was bright enough to make the ring shimmer and shine
without being overly harsh.
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After finishing the materials, I removed the back portion of the ring model. Only
the top part of the ring would be visible when the user virtually tried on the ring, and
including the back part of the model restricted the angles at which the ring looked right in
AR. Because finger tracking is still in development, current tools cannot automatically
mask out the back portion of the ring that would be obscured by the finger when wearing
the ring. As a result, viewing the ring from the side would make it look like the ring was
floating in front of the finger rather than on it. Because of that, I chose to only include the
top portion of the ring in this app to prevent that possible disconnect. With that final
adjustment, the ring was officially finished and set up in the app.

Figure 3.15: NCAA ring model with textures in Spark AR
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The final step was to import the tracker image and hook it up to the ring, which I
did using the node-based logic within Spark AR. Once that was complete, the app was
ready to test.
The first tests using the printed tracker image went well. The app had no problem
recognizing the image on the paper ring and superimposing the 3D model of the ring over
it. The motion was smooth, and the scale was appropriate.
One issue we ran into during those first tests was the incorrect appearance of the
ring materials when seen in AR. We eventually discovered that this was caused by a bug
in the latest version of Spark AR that caused the environment lighting to not render
properly in AR, which meant that the materials looked dull and flat rather than brilliant
and vibrant like they did in the Spark AR previewer.
As Spark AR developers worked on fixing this issue, future tests yielded better
results, though it still wasn’t looking the same as it did in the Spark AR preview window.

Figure 3.16: Rendering difficulties due to software bug
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Since this issue was due to a bug that we had no control over and expected to be
fixed eventually, we decided to move forward. Apart from the issue with the lighting, it
truly looked like I was wearing an actual NCAA championship ring.

The Pitch
The true test for this project was an official pitch to Clemson’s football
recruitment team to make sure that all of the aspects of the production met their
marketing needs.
Nate and Haley set up a Zoom meeting with everyone, and once everyone had
joined, Nate and Haley gave a brief introduction to the recruitment team about the
project. They had been in communication throughout the process, so they had an idea
already of what we had been working on, but they were interested to learn more details
and see a demonstration.
After the introduction, I gave a detailed presentation of Out of the Box, explaining
my goals and process. I showed them some photos of the ring model so they could see the
details and materials.
I then gave a demonstration of the app so they could see it in action. I showed
them the paper ring, which I put on. Then I initialized the Spark AR phone test function
and sent a test to my phone. Before I showed them the app functioning, I gave them a
heads up regarding the bug with Spark AR that made the materials look dull when
viewed in AR. I reassured them that this was a temporary issue that was on track to
improvement. I then centered the paper ring in the camera’s frame, at which point the
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NCAA ring model appeared and replaced it in AR, giving the appearance that I was
wearing the NCAA ring in real life.

Figure 3.17: AR view of Out of the Box showing virtual try-on

The response was overwhelmingly positive. Even with the bug negatively
affecting the textures, they could immediately feel the impact that AR afforded, taking
the already-meaningful object of the ring and magnifying that meaningfulness by
enabling the app user to really bring the virtual object into their reality through the use of
AR.
I asked if they had any questions, and I received two. First, they asked, “What do
you call what you do? If we were looking to hire someone like you, what keywords
would we even be searching?” I gave them some examples of skills I utilized during my
work (3D modeling, node-based programming, marketing, etc.), but I wasn’t aware of
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any one singular job title that would encompass everything. Nate confirmed that there
isn’t currently an established job title for that combination of skills and that the best way
to find someone like that would be to search for freelance artists with one of the most
important skills (e.g. modeling) and then look for candidates who also possess skills in
other areas such as marketing. This is an area where there is opportunity for growth
within the production industry.
The second question they asked was, “Can we start sending this to recruits right
away?” It was a rhetorical question because the app I presented was more proof-ofconcept than something ready to immediately roll out, and they knew that, but the
sentiment was clear. They saw a lot of value in the app and believed it was something
worth continuing to pursue.
With the success of the pitch meeting, we had reached the finish line of our
original plan. However, we decided that we weren’t going to stop there. Just like the
football recruitment team, we saw the value and potential in Out of the Box, and we
wanted to see how much further we could take it and how we could add value in other
creative ways.
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CHAPTER FOUR
EXPANSION

Going Bigger and Better
With the success of the initial AR ring project, Nate and I met again to discuss
where we could grow the project from there. We discussed the many possible uses for an
app like Out of the Box. With some adjustments, it could be used on products like class
rings or engagement rings.
A shopper picking out a ring in a jewelry store will very likely want to try on a
ring before purchasing it. However, that is not the only thing they will want to do. They
will want to hold it up close to their face so they can get a good look, turn it every which
way, and examine every detail. Being able to view the ring in person benefits them by
being able to experience the ring personally by trying it on, and it also benefits them by
enabling them to get a very close look at the details of the ring and fully feel as if they
have a complete understanding of it.
AR is capable of bridging both of those gaps. Our first exploration with Out of the
Box focused on the first function, building the user’s connection to the ring by enabling
them to personally experience it by “trying it on” virtually. We decided to focus our
second exploration on the second function, enabling the user to get a close and detailed
look at the ring and gain a deeper understanding of it.
We wanted to examine the impact of being able to customize a ring in real time
using the app, something that is uniquely possible in AR that is not possible in person. To
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explore the versatility of this project, we chose a different ring for this second
exploration. Instead of the NCAA ring, we chose a Clemson class ring.

Initial Photography
Just as with the championship ring, it was important for the class ring to look as
realistic as possible to have the greatest impact, so we again started with photo
references. This time, I was able to get images of a class ring from a classmate, Griffin
Poyck, who had a class ring himself and was kind enough to take some photos and share
them with me.

Figure 4.01: Clemson class ring, side
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Figure 4.02: Clemson class ring, top

Modeling the Ring
The sample class ring images that I used as a reference had a palmetto emblem in
the center, and I chose to replace that with a gem in my model ring to add a greater level
of versatility and make it easier for viewers to visualize the app working with a wide
array of products.
I decided to take a different approach to modeling the class ring compared to the
championship ring. I again started in Maya, but this time, I created only the base ring
shape, leaving all of the fine detail out of the hard model.
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Figure 4.03: 3D model of Clemson class ring with UVs unwrapped

For the fine details, I used the photographs as references to draw maps in
Photoshop. First, I created a diffuse color map, which differentiated between the colored
metal areas of the ring band and the black recessed parts. I then used the diffuse map to
generate a normal map for the ring.

Figure 4.04: Diffuse color map created in Photoshop
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Figure 4.05: Normal map generated in Photoshop

I applied these maps to the base ring model to test the results. Because these
details were so small, the approach of using normals to mimic relief worked very
effectively and proved to be an efficient and successful strategy. The use of normals also
worked well as a setup for my work to come in Spark AR, which would involve cycling
through different maps to yield different appearances.

Figure 4.06: Test render of class ring with maps and sample materials
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Setting Up Customization Options
Once I was finished modeling the ring, I moved into Spark AR. This time, I chose
a different template offered in Spark AR called “3D Stickers,” which had some starter
code set up that would work from my needs, including on-screen prompts that give the
user instructions, improving the user-friendliness of the interface.

Figure 4.07: The patch editor showing the starter code of the 3D Stickers template

By default, objects imported into this project continually rotate. This was useful to
visualize the materials and lighting, but I wanted the option to easily turn off the rotation
if needed, particularly if it were ever merged with the target tracking functionality. For
that reason, I separated the nodes for the animation so that I could easily disconnect it
whenever I needed to.
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Figure 4.08: Looping animation block within the patch editor

This template is also set up to automatically prompt the user to tap a surface to
spawn the object, after which point the plane is detected, and the object is placed on it.
Plane tracking is then enabled to keep the object in place as the user moves the camera
around.
I separated the plane tracking code as well as the block for the initial instructions.
I needed to keep them temporarily so that I could test my option picker, but I needed
them to be easy to remove later so that the option to merge it with the target tracking app
would always remain open.

Figure 4.09: Startup instructions block within the patch editor
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Figure 4.10: Plane finding and tracking block within the patch editor

Now that I had the foundation set for the project, I imported the ring model and
created base materials for it inside Spark AR, following the same principles that I used
for the NCAA championship ring. I created physically-based shaders, using the “Office”
environment to get even and versatile lighting and reflections.

Figure 4.11: Ring model with textures in Spark AR

Once I had my base ready, I got to work modifying the remaining code that came
with the template so that it worked for my needs.
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Figure 4.12: Option picker block within the patch editor

The template came with three on-screen buttons that, by default, change which
model is visible. I did not need to switch to a different model in the app. Rather, I wanted
to have buttons that would cycle through different customization options. I changed the
code so that each button specified a particular aspect of the ring (either the gem, the band,
or the inscription). I then set it up so that tapping the ring cycles through the possible
options for the area specified by the selected button. I accomplished this by adding
Option Picker nodes connected to Object Tap nodes with Counter nodes in between that
specified the number of options possible before it would loop back to the beginning.
I then customized the settings for each Option Picker node so that it related
specifically to a certain aspect of the ring. The first one connected to the gem color and
cycled through five possible color options: red, blue, purple, green, and black.
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Figure 4.13: Possible gem color options

The second Option Picker connected to the ring band color and cycled through
three possible options: bronze, gold, and silver. Since the band color is determined by the
diffuse color map that I created in Photoshop, I created two more similar maps with
different band colors and used the Option Picker to cycle through them.

Figure 4.14: Possible band color options
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Figure 4.15: Full range of possible color combinations

Finally, the third Option Picker connected to the ring texture that defined the
inscription. I used another diffuse color map for this that showed only the inscription and
multiplied it with the main color map to yield the final result. The first inscription option
is blank, the second says, “CLASS OF 2021” and the third says, “GO TIGERS!”

Figure 4.16: Possible inscription options
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I then needed to create custom icons for the buttons so that the user could easily
understand how to change the aspect of the ring that they wanted to customize. They
needed to look nice from a design standpoint, but they also needed to be very intuitive to
use. The importance of ease-of-use of AR applications cannot be understated, and Out of
the Box could not be an exception to that rule.
With that in mind, I created three new icons in Photoshop inspired by the icons of
one of the most well-known examples of AR: social media face filters. I made the icons
round with simple graphics that depicted their purpose. I then imported them.

Figure 4.17: Custom icons to change gem color, band color, and inscription (left to right)

Figure 4.18: Preview of custom icons on buttons in app
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With the custom buttons added, the app was complete, and it was time to
put it to the test to see if it would yield the results we were looking for.

Testing the App
Tests showed that everything worked as intended. The app allowed the user to
look at a surface in their environment and tap to “place” the virtual ring onto that surface
virtually. The ring stayed in place and slowly rotated as if on a turntable while the user
could cycle through the customization options and get a close look at the details.

Figure 4.19: View of customizable class ring “placed” on a table in AR view
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CHAPTER FIVE
CONCLUSION AND FUTURE WORK

Conclusion
The results of this project demonstrate the value of AR as a creative marketing
solution to the long-distance problem between consumer and product in the context of
virtual experiences. The ability to visualize the rings in one’s own space increases the
meaningfulness of the experience for the user significantly. This leads to the user
immediately feeling a greater attachment to the object in question (in this instance, a
ring), which has many potential benefits from a marketing perspective, including a
greater likelihood to make a purchase and increased odds of consumer satisfaction in the
product after receiving it.

Future Opportunities
There are many possibilities for future work on Out of the Box. Perhaps the most
obvious next step would be to combine the two functionalities into one unified app. There
are a number of ways this could be done, but I would suggest an interface that would
enable a user to toggle between “display mode” and “try on mode.” The reason for this is
that in “display mode,” all sides of the object in question will be visible, and the item can
use plane tracking and continuously spin to give the user the most comprehensive look at
the item. AR has a unique ability to help a user gain a more comprehensive understanding
of an object, and the “display mode” would serve that purpose well. Then, when the user
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switched to “try on mode,” only the part of the item that would be visible when wearing
would show in the app (in this case, the top of the ring), and it would use target tracking
to let the user virtually try it on. This type of functionality would let the user experience
the best of both worlds.
Regarding the class ring, it would be good to add additional personalization
options, such as being able to toggle between “BA” or “BS” on the side of the ring. It
would also be an improvement to enable the user to enter a custom inscription rather than
simply cycling through a few predetermined options. This would add a level of
customization that will further the user’s feelings of connection to the ring and therefore
make them more likely to purchase it.
Since AR has been proven effective as a decision-making assist, it could be
beneficial to link the app to the university’s portal system. With this, a student can log in
before customizing the ring, and then a suggested ring design can be predetermined based
on the student’s profile. It could predict the appearance of the ring based on the student’s
degree track, expected graduation year, and even the colors based on previous purchases
the student may have made (or a suggestion for most popular options if the student does
not have previous purchases to reference).
There are also many future opportunities for advancement in the technology
discussed in this paper. One example is through the continued advancement of hand and
finger tracking. Not only could this potentially enable the automatic masking of portions
of the model that should be obscured by a finger when wearing a ring, but it could also
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enable try-on functions without the need for a paper ring with a target image. This would
lead to an even easier accessibility for users.
Another area where there is room for improvement in the technology is in
raytracing. A large number of rays within a very small area would be required to product
truly realistic diamonds. This technology is currently in development, and it is possible it
may reach the point where realistic diamond renders in real time are possible, which
would open the door to using this type of app for engagement rings, a huge opportunity.
Another opportunity for future growth for the technology is in adaptive
environmental lighting. For Out of the Box, I chose the “Office” environment lighting,
but it would be ideal if the app could scan the user’s actual environment and generate an
environment lighting set based on it. That would make the item feel much more grounded
in the user’s reality.
Finally, there are some exciting areas of opportunity for growth in this industry.
AR has already been proven valuable in a wide array of fields, and if this trend continues,
we could see some very creative uses of AR in the future that are not even considered
presently. It is important to continue thinking outside the box when it comes to AR
because of how versatile it is.
There is also an opportunity to establish a career track for 3D artists centered
around marketing. We already see this in 2D artists; graphic design is an extremely wellestablished career that combines art skills with marketing skills, and the demand for that
combination of skills only continues to grow. As AR and other uses of 3D art get more
and more versatile, there is more and more demand for 3D artists who also have
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marketing skills. There is especially opportunity here among students of 3D art who are
in the process of deciding an avenue for specialization.
Along similar lines, there is also opportunity to normalize jack-of-all-trades 3D
artists. Rather than young artists always choosing one area to specialize in for the
remainder of their careers, a jack-of-all-trades option could be established. We again
already see this with 2D artists who are able to draw, illustrate, edit, and more. It is not
unfeasible to accomplish the same in 3D art. This would open the door to access to 3D art
for small businesses who cannot afford to hire an entire production studio but who could
afford to hire one versatile freelancer. Small businesses are a huge part of the US market,
and enabling their access to these resources will in turn help the industry itself to grow,
both in demand and in versatility.
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